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AR LIS SR 16S-23S rDNA spacer #ZEEFFHIIA 77t 6 R ~ 1 FKE e 3 FEEISMED)
R E S B ARBRGR - MEIT I E o FIAESRPFTER AR/ S | F#f « GI1VL1 fI fH3/rH3 » LUR&SEE
HLPE N FEHEE 16S-23S rDNA spacer [futsk » B 1k AR B RSHIE 3 5e spacer DNA FrEgd} -
BRI B G MR L 1 {6 spacer DNA Fr B o fiHHEIRATIGHI spacer DNA Fr BGET TRABE ST - K524
PEHEREYI RS2 spacer [FUs A — (RNA" » {E#H TN 7 5 2 A Horb 2 {5 spacer DNA » LWB-
1 52 LWB-3 Hilfi # tRNA o EL#HESI AT VI E #E spacer 7781 » 838 U (RNA [sdsk K2 fER 4 #H
rRNA processing HJ 7 ERIEE LRSI € spacer F 9l HERTHOB S (LR RE RIS 10 FRAEY BRI E /S T 70 15
SHE B0 HEEREEN - HEHRIER (RPERSR) ~ TUAERR 3500 I LB 2 RIS SR B 5 2
TR ARIPESSNEE B AR AR LW R E RS © BRPURE - KRR N R H T A RN R E R

AR 2259 AU IR Y S U AloR) B -

BRBER « FHARERCR ~ AEP B E

w5

%) & & #% (phytoplasma) J& 8 £ Ul & & 8
(mycoplasmalike organism, MLO) ® » % — 85 B ¥ I
» A5 REEED 300 ZARREY)AE ) o HMEYIRE RS E
SRELE B 5 ol T AT 2 - RS AR TERE
B AL b RRFIESRS 53 B8 AR5 B TR A3 -

EE] 1985 4 - $HEER% SR E B (aster yellows
phytoplasma) 2 ¥ ¢ Ul 28 WFEFE LA » FR0E TR
A ST B AR TR @Y - Btk et th
D W GA 5% - Sl P S RE ) B E R RS I B ) A
(IOIS212D o B o i B PEA BT RS AR PR T RS2 T A
VIR HEAH AR TE - R EER T 38 ERIE HIR
il o BT RS BLALIEERE i i I RE AR R (R A AE
VIRERS - RS BT B bR S ASE S PRAT BRI
PO AR BB ] - SO AT B R AR 2R PR
A%

FRS Y F B s R 2 - DR 7y & BEHHIHUS 2
Sy o LY s CERR A —#T B E21T o 1 LA 7> ek
NIRAp oy $EAG IR » (EAEREELY) R AL rh 2 5 B 1R

V)& - 3 E o s LB BB S - REFT SRR 1Ry
I FELENE IS BRCERIYIRE Y JERAR o A REFREEE 197 AR
Y » FEFRAE RV R E BB ER B 0 B > AlELRRREZE I
ENTREE ik Z AREEL A (L& BRI » 2 Y W E
HRTERASR D RERA

HIAHZHE RNA (rRNA) fEFTEAEYrh BATh6E b ELE
{b b2 [FJ5 1 (homology) » F## » rRNA @ HE R+ »
HCREHERSA BRI P S EY)REEIFE 3 R ST (conserved) 5 T
H rRNA REFRHLE Sfy S & BHIE BUE A5 b
JI_E rRNA operon HVE RS [k e 38 SR VL[ s > 55 AT g
FHSANIR] g R oy R ERIERET 5 Bd% - KIS (RNA TEAHR
HGRIRE - BHEUT ) s FrLIAE RS RNA R (1
4 F5 rrn operon > B rDNA) U5 7 A BB 7 F ©

A 5E Fh R R 51 DL G I 3R 8RB
(polymerase chain reaction, PCR) ZH3IlE A4 5 & #E 16S-
23S spacer tDNA » E3iALIEZ DNA Jv ERAIELIE 1] 53 Hriei
B B 6 FEGEHIREY R E RS © H 3EFE TN (sweetpotato
witches' broom, SPWB) ~ {4 # H5 (peanut witches'
broom, PNWB) ~ Hl{t By #4755 (Ipomoea obscura
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witches' broom, IOWB) ~ #k/I\ # #J% (loofah witches'
broom, LWB) ~ /KFG 2 Z50 (rice yellow dwarf, RYD) K H
JEE F13EJH (sugarcane white leaf, SWL) 3 1 FHAREAEY)EE
B8 H 2B 5 g OKBE &L 2 (mainland China strain of
sweetpotato witches' broom, SPWBM) ; B 3 f&EY}SIHEY)
BHE  fntet ALK (elm yellows, EY) ~ Z23g 8Ly #ILEE DY
fm-% (New Jersey strain of aster yellows, AYNJ) ~ 22551l
SRV 7 dh% (western strain of aster yellows, AYW) SE{TH
HRBATREOERST - I BN REFR B ARRE ) B 18 /) Ay B 22
DRI -

MBIk

AL R R A

AEERLL0 Y E SR - HDNA =
AESAE Y H HA& (periwinkle, Catharanthus roseus (L.) G.
Don) BCK 28 F )b A LS - FEY) B RS fERE
AN — -

= DLH H B0 FA B e ) K BT AE Y R B S o ]
FATEBEEES BEE - ik USRI B R H H BRUE
b FEBCSEY R B R ERE R S R H HE - 1584
TR B » AIA] MR IR T » 38 LERERR AT SRS HhEUE
VB S DNA PR EIIRIE -

K~ ARG Barh T A AP E SR REAE ~ 224 RAeR
Table 1. Designation, origin and source of the phytoplasma
isolates '

Designation for

Phytoplasma Diseases Origin Source
AYNJ Aster yellows (New Jersey strain) |
AYW Aster yellows (Western strain) 1
EY Elm yellows 1
IOWB Ipomoea obscura witches' broom 2
LWB Loofah witches' broom 2
PNWB Peanut witches' broom 2
RYD Rice yellow dwarf 3
SPWB Sweetpotato witches' broom 2
SPWBM Mainland China strain of 1

sweetpotato witches' broom
SWL Sugarcane white leaf 4

" The RYD and SWL phytoplasmas were obtained from their
natural host plants, rice and sugarcane, respectively; the others
were from periwinkle.

* Collected and/or transmitted to periwinkle, or scions originally
provided by: 1. T. A. Chen, Rutgers University, New Jersey,
USA; 2. I. L. Yang, Taiwan Agricultural Research Institute,
Waufang, Taiwan; 3. C. C. Chen and W. H. Ko, Taichung District
Agricultural Improvement Station, Changhua, Taiwan; 4. C. T.
Chen, Taiwan Sugar Research Institute, Tainan, Taiwan.

KFEEE 2R B HTE 1 EEW R E R DNA ERH KA
A EREPRHTEY - KSR r KR R TR e R = o e
rhrlf ER S RGN B2 R s R S S AR R I - H RE 3
SR EF RSP R A T SERF S E P 15 o pR it -

fiti¥ 2 DNA $i1HY

(R K527 R S IR e T M) 2 DNA (total
DNA) #lHY » & SR AR ERR (2% CTAB, 1.4 M
NaCl, 0.2% 2-mercaptoethanol, 20 mM EDTA, 100 mM Tris-
HCI, pH 8.0) @ » 3ififf#5 Ahrens J Seemuller #/71E@ » #4
VEIESE T - HHIUSEIA DNA K€ 1% » LLTE $&1
VAR (10 mM Tris-HCI, 0.1 mM EDTA, pH 7.4) ¥ ak s
%50 ng/ «1H)DNA AWK » R1FH>-20°C » 555 PCR HiHY
154 DNA (template DNA) -

gl &t

AE B v FH A KT WA B E % 16S-23S rDNA spacer
[y 51 F-%1 - G1/L1 FlI fH3/rH3 ([E—) » K5 R A&
WK P o L1 5 H Jensen 5 AFRE%ETE 7 HT 0 AL
16S-23S spacer @ik 5| 7%t (universal primer pair)
GUL1 ™ s i G1' 2% 7 M IEAsy) = e i - 1% G1 1 3' it
7 1 g EL A -

fH3/rH3 A& AMFerr sz 5] %) o fH3 2L T
23 18 16S RNA KK Z 3' iyl iakat i 215 » 5Lk
16S RNA LK AIE 40T = 13 Al '8 §% (GenBank
accession no. fZ/RAFESE H) : American aster yellows
(X68373) ¥ ~ Apple proliferation (X68375)(35) ~ Apricot
chlorotic leafroll (X68338) ~ Ash yellows (X68339) ©9 ~
Coconut lethal yellowing (X80117) ~ Elm yellows (X68376)
% | Flavescence doree (X76560) ©¥ ~ European stone fruit
yellows of Peach (X68374) ®¥ ~ Group I MLO (D12569)
@D < Group II MLO (D12580) ?” ~ Group III MLO (D12581)
@7 < Oenothera MLO(M30790) ®® ~ Western aster yellows

K RETRESR B ST AT IR A B E i 16S-23S
spacer fJ5 |+

Table 2. Primers used for PCR amplification of 16S-23S
spacer of phytoplasmas

Primer Sequence (5'to 3") Position Length (mer)
Gl' AAGTCGTAACAAGGT 1485-1499 ' 15
L1 CAAGGCATCCACCGT 74-60° 15
fH3 CTAAGGTAGGGTCGA 1459-1473" 15
rH3 GTTTCGCCGTTAATT 5217 15

" The numbers of positions are the numbers in the 16S rRNA
sequence of the strain OAY phytoplasma (22).

». The start site in the 23S rRNA sequence of the strain SAY
phytoplasma is designed as nucleotide number 1 (20).
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Fig. 1. Schematic representation of a procaryotic rRNA operon showing the approximate priming sites of the primers used in the
study for PCR amplification of the 16S-23S spacer region. The number of tRNA genes in the spacer region is subjected to variations.

(M86340) ? ; 2 & Mollicutes : Acholeplasma seiffertii
(L12056) ®® ~ Mycoplasma capricolum (X00922) ® ; 4 ff
5 IS B e MU Bacillus subtilis (K00637) ® ~
Clostridium perfringens (M59103) ~ Clostridium piliforme
(L07416) " ~ Clostridium tyrobutyricum (L08062) (directly
submitted data) » 1 & &5 B ECR& M4l Agrobacterium
tumefaciens (D14506) 2 5 LUK 3 FEAHY)SERRAS © KT 3%
8 (X06428) ) ~ J5 BIHELGHE (V00165) Y ~ /K FfErk Y
(X15901) "V o rH3 J2LL#& 75 #E23S RNA £[K.2 5' 4l
BFTERETHYS | » 2F5 AT 1 FEAEY) R E#E Western
aster yellows (M86340) ?” : 1 f& Mollicutes: Mycoplasma
capricolum (X00922) ¥ ;2 F# & 5 FCF5 12k #HEE © Bacillus
subtilis (K00637) ® ~ Clostridium tyrobutyricum (L08062)
(directly submitted data) ; B 1 f& &% B I F& 1k A0
Escherichia coli (V00348)® o

TR I SR 3 B0

LIPCR @AY E S DNA JHikIE Saiki % A 0 2
JTEMEIMAE - HY 100 ng IR G B 2 DNA 151
SETTHERERERS 50 11 A PCR X JE » BAMINA S 11 Tag DNA
polymerase 10X buffer (500 mM KCI, 15 mM MgCl,, 100
mM Tris-HCI, pH 9.0 at 25°C, 1% Triton X-100) ~ 100 M
dNTPs (Pro Tech, Taipei, ROC) ~ % 0.5 xM HJ5|F ~ 1 unit
HJ Tag DNA polymerase (Promega Cooperation, Madison,
WI) » LIR 2 @ hngEZ LRy Dyna Wax (Finnzymes Oy,
Espoo, Finland) ° R A CFHEVE 95°C #J PCR X FEZR
(Thermal Cycler 480, Perkin Elmer, Cetus, Norwalk, CT) 1
HEAT 60 KAEER (cycle) YPCR » SCEMEAFANT « 881
(denaturation) 94°C » 5 #)## » 375 S (annealing) 45°C » 5
Fogi » JEHSE (extension) 72°C » 10 Vg » B fk—RIGHR
RIS A (e S IR (126 0 3 75 o

PCR 5Ek#% » HU 5 w1 EPILL0.5X TBE #&fE1K (45 mM
Tris-borate, | mM EDTA, pH 8.0) .~ 1.5% (w/v) ¥fi55E
BT EVK - FEIL IS PCR Y -

LI R - BB B % o S0 HT

PCR ZEWI#E 8 vk o 45 R A — Ay - E 8z LA
Wizard PCR Preps DNA Purification System (Promega

Cooperation, Madison, WI) {i£Z54fi{t - %5 PCR EYIAH—
TEECH JE H—EY) » AIZA SRSk it (61FE ) - R
BV BEEHZY]T » FFH QIAEX II Gel Extraction Kit
(QIAGEN GmbH, Hilden, Germany) #1735 —Hti{l o #li
{LFRISHY PCR FEY) B AT MRS B I /E Frr) A5 ©

e A RE 1 S 16S-23S spacers {5 chain-
termination JEH GV » FIfH Tag DNA 38 &1 2538 47 [E
U2 DIphsE 3 Rk rRBE e 91 » o I RE R (5 A 5 T
[E AT PCR HH) 51 F © 3% Ml E e S FERT 20 BE 208 fmol
thermo-cycle sequencing kit (Promega) Z R IR1E » [ FERY
s FAEYILL 6% NN (polyacrylamide) IBHEHEI TEEYK ©

T P % 1519 16S-23S rDNA spacers % B J¥ 51 &
CLUSTAL "% B A B #ESI 1% » i AF A - A PAUP
(Phylogenetic Analysis Using Parsimony 3.1.1) @7 fixB85¢1 7
Sy T I8 10 TEAE )R HE §8 B RARR (R 0 B HROEEE DL
AYNIJ ~ AYW Ei 75 )5 22 458155 FVE 12 (Western aster
yellows » & 8 £ SAY) = 4+ ## (out group) > FI|
ACCTRAN (accelerated transformation) #fkg 51 LA AY &=
> fEFER /57 (heuristic method) f8=RixEiEHE Z 1L
fif -

i R

AP 6 2 18 16S-23S rDNA spacer [ 8 .2 HY g

FIF G1/L1 5| FEE0RAEY R E #S 16S-23S spacer [&
5T PCR #5251 (8 — A) » NS REUS WERAEY) - FnE
H) DNA BRaIIHEY) o Bl A 09 4 22 ) Ko W 500
bp » HEYIEREE #E £ EEYIK/IME 300-400 bp Z[H » FiF
BRantaEIE R MEYHI - A LY EfE SR G E
ZIEY) (40 LWB 82 I0WB HEIJEH—EY) - A fH3/rH3
51 S IRAST R (& B) » G ERAEY) DNA fiah M H
I DY) WY B RS WY (A YD) K/ 300-
500 bp Z[H] » SWL @ HEWHI » RYD WUEY) smAHEK
D s EAAE 1) B SRR E YK 73 BT H B 158 2 B ek
W MEFRFE R - LWB HH3 {68 DNA {575 -

{75 16S-23S spacer [@IsHY) PCR 5 » Aif5eHEEE
G1'/L1 5| #3887 RYD 22 SWL &) » fH3/rH3 5| 1%
KRy SPWB ~ SPWBM ~PNWB ~ IOWB ~EY ~LWB -~
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Fig. 2. PCR amplification of the 16S-23S spacer using G1'/L1 (A) and fH3/rH3 (B) from 11 phytoplasmas described in the Table
1. PLWB, Paulownia witches' broom (prepared in this lab). Lane M1, ¢x174 RF DNA digested with Haelll, fragment size in
base pairs from top to bottom: 1353, 1078, 872, 603, 310, 281, 271; lane M2, 100bp DNA ladder showing the smallest fragment
of 300 bp and the larger ones with 100 bp increment each to indicate the products in the sizes between 300 and 500 bp; lane HP,

healthy periwinkle; lane HR, healthy rice.

AYNJ B2 AYW FEP) » 8RR 1505 A% 2 e RO -
LWB HJPCR H3 £HEY) » itttk - IHAF B A/ NHK
F/ Ny BIFERS LWB-1 ~ LWB-2 )X LWB-3 ©

AP 18 16S-23S rDNA spacer |83 2 1% <& ¢

Bl PP s A 51 » BLFH SR 16S-23S spacer
[@I5k 5| FH#H[E - SPWB ~ SPWBM ~PNWB ~ IOWB -
EY ~LWB-1 ~LWB-2 ~ LWB-31 ~ AYNJ Bl AYW Z#%f 5y
A#ER fH3 K rH3 5| %+ spacer AR DNA » 1fif RYD
K SWL R G1' J L1 5| F5EFF o AR &S 287
HI] (& 16S rDNA 3' 5 ~ 16S-23S spacer [ 5z 23S rDNA
5' Uity » MILE SAY #916S-23S spacer KAEEFEI @0 5 HEI1%
(s SRS AR = © BR LWB1 BZILWB3 4} » H'E spacer H115
HA 1 {ERNA" 41 -

Pk R 1R 2 HERT

FIH PAUP $RES %% F 91 » i gap SIAGHE » DL
AYNJ ~ AYW Ei SAY E34HE » #OB R 00714 =581 3 MRy
TR 610 ZiE bhst - Haltk 3 MR ket & 0F al a2
[Elks ([EPT) o RIS RIS Aok BT A 220 - A]
A YR B 1 RS R - 55— 8F > SPWB ~ SPWBM -~
PNWB % IOWB : & B¢ » LWB : 55=8f »EY : %Py
B > RYD & SWL : ZBHHF » AYW ~ AYNJ K SAY

&

[FRAEIEH 1-15 {EEZHE RNA HIK > —fi&im S >
EFZHE RNA ZREE 3 i rRNA » §¢ 5" im#l 3" ke
16S-23S-5S » &£ E% coding region ] transcribed spacer i@
- IRNA ERAYHT#% A transcribed spacer » 16S F[123S
MIAFEA 1 22 {# (RNA ([E—) - :&5£E16S ~23S ~5S I
tRNA [Gsk 175 7 91 RSP s > spacer [ gl FII 2 48 52 5
Koz I - RIS RNA LR o] FTEAS [B]g KA iR
Ry M BIa0 16S S5 7T sk v] FE T 22 R R i)
fili > T8 K spacer A FHAEAHZAIY)FE ©

AE 5mFIH PCR £y - AGfd & SHAAEY) R E 8 16S-
23S spacer [EISE%ETAY5]F : G1' ~ fH3 B rH3 » DU HoAth
B2 B K% 16S-23S spacer [EIgFrEREHHI L1 5+ »
A fe/) SR SEE RS 2 DNA A Sl HORE A7) 1 ‘B8 16S-
23S rDNA spacers » ilfi A~ 52 E| EEatr kL Fh i) S s %
FEERRIRRE

TEHEEAEY) R E 1S 16S-23S spacer DNA IRFFT RIS
¥ G1' fIL1 » 5l B2 EEHT 16S rRNA Kz 23S rRNA
Al FAHEE Z s > [RE PCR gy e HEAiY) 4= DNA
HhEE HAE Y (8 A) o ARE SRk Eav5| ¥ - fH3 Bd
rH3 » {EHEERAEY) 2 DNA i A g s HEY) - {3 fH3 &
rH3 e H RYD FlI SWL 2 16S-23S spacer DNA (
B) o B S| ECEF AT A R L AR ) R S e
o

FIFH fH3 B rH3 A]{E LWB HENAEY) 4 DNA K 3



SPWB.
SPWBM
PNKWB
10W8
LWB-1
LWB-2
LWB-3
RYD
SWL

AYNJ
AYW

SPWB
SPWBM
PNKWB
10WB
LWB-1
LWB-2
LWB-3
RYD
SWL

AYNI
AYW
SAY

SPWB.
SPWBM
PNWB
10WB
LWB-1
LWB-2
LWB-3
RYD
SWL

AYNJ
AYW
SAY

SPWB
SPWBM
PNWB
10WB
LWB-1
LWB-2
LWB-3
RYD
SWL

AYNJ
AYW
SAY

SPWB
SPWBM
PNWB
10WB
LWB-1
LWB-2
LWB-3
RYD
SHL

AYNJ
AYW
SAY

SPWB
SPWBM
PNWB
10WB
LWB-1
LWB-2
LWB-3
RYD
SWL

AYNJ
AYW
SAY

AR BT B 1

Primer tH3 Primer G1”

16S rRNA
TGGGGTTAAGTCGTAACAAGGTATCCC - YACCGGAAGGTGGGG-ATGGATCACYTCC-TTT-CT
ATMATTGGGGTTWAGTCGTAACAAGGTATCCC- TACCGGAAGGTGGGG-ATGGATCACCTCC-TTT-CT
CTAAGGTAGGGTCGAGCTTGA-CAWTGGGGTTAMGTCGTAACWWGGTATCCC- TACCGGAAGGTGGGG - ATGGATCACCTCC-YTT-CT
CTAAGGTAGGGTCGAGCTTNNN-ATTGGGGTTAAGTCGTAACAAGGTATCCC- TACCGGAAGGTGGGG-ATGGATCACCTCC-TTT-CT
(GGGGTTAAGTCGTAACAAGGTATCCC- TAC -GGAAGGTGGGG - ATGGATCACCTCCGKKK-CT
--TCGATGGG - TTAAGTCGTAACAAGGTATCCC- TACCGGAAGGTGGGG-ATGGATCACCTCC-TTT-CT
- - TKATYGGGGTTAAGTCGTAACAAGGTATCCC - TACCGGAAGGTGGGG-ATGGATCACCTCC-TTT-CT
AAGTCGTAACAAGGTATGCC- TACCGGRAGGTGGGG-ATGGATCACCTCC-TTT-CT
AAGTCGTAACAAGGTATCCC - YACCGGAAGGWGGGG-ATGGATCACCTCC-TTT-CT
CTAAGGTAGGGTCGA- - TT- - - -ATTGGGGT TAAGTCGTAACAAGGTATCCCTTACCGGAAGGTGAGG-ATGGATCACCTCC-TTT-CT
CTAAGGTAGGGTCGAGCTTGA-CATTGGGGT TAAGTCGTAACAAGGTATCCC- TACCGGAAGGTGGGGTATGGATCACCTCC-TTT-CT
GGG- TTAAGTCGTAACAAGGTATCCC- TACCGGAAGGTGGGG-ATGGATCACCTC--TTT-CT

CTAAGGTAGGGTCGA- -
CTAAGGTAGGGTCGA- -

. . . . . . . . . .

AAGGAAA- - -CCAAT - - -AAAATC- -

AAGGAAA- - -CCAAT - - -AAAATC.
AAGGAAA- - -CCAAT - - -AAAATC- - --AATCATCTTCAGTTTTGAAA-
AAGGYSYWWACAAASG- ATACATTACACGGAAGGTGGGGCATTGAGAATTWCACACCAY TCTAACGGAWWWKRRWYWCGAATGCTC- TCAGTTTTGAAAA
AAGGAAAA- - TAAATC- -ATCA- - - - - - - o oo o oo oo oo oo TCTTCAGTTTTGAAA-
AAGGAAAA- - TAAATC- -ATCATC- - - - = = == mmmm oo oo e oo oo T-TTCAGTTTTGAAA-

TCATCTTCAGTTTTGARA-

AAGGAAA- - - TAATTTTTTAAATAT- TCATCTTCAGTTTTGAAA-
AAGGACA- - - TACATATAAAAATT - - -ATCATCTTCAGTTTTGAAA-
---ATCATCTTCAGTTTTGAGA-

-ATCATCTTCAGTTTTGAGA-

AACCAMA- - -C-AATT ---ATCATCTTCAGTTTTGAGA-
200

—

GACTTAGG-CAA- - - CTAAGTTTTTCTTCGT-G-AC- - ---CGAA-GBGCCTATAGCTC
GACTTAGG-CAA- - -CTAAGTTTTTCTTCGT-G-AC -CGAA-GGGCCTATAGCTC

--CGAA-GGGCCTATAGCTC
-CGAA-GGGCCTATAGCTC

GACTTAGG-CAA- - -CTAAGTTTTTCTTCGT-G-AC- -
GACTTAGG-CAA- - - CTAAGTTTTTCTTCGT-G-AC- - -- - -------
GACTTAGGTTAAA- TA-GGGTTTTTCTTTTTAG-GTAAAAA- GAGTCAA-
GACTTAGATTAAA- - - TAAGTTTTTCTTTTTAG-GTAAAAA- GAGTCAA-
-~ TAAGTTTTTCTTTTTAG-GTAAAA- -G-GT- -~ TTT- - - s < - cmm o mme e oo
AAA-GGGCCTATAGCTC
- -AAATGGGCCTATAGCTC
- - AAGACCAAA-GGGCCTATAGCTC

GACTTAGTTC- - - TTATAAGTTTTTCTTTTTTAAGGAAAAG-
GACTTAGGTTAAAATATAAGTTTTTCTTTTTAC-AAAAAAAAGTG- - -~ TTTCTC-TT ATAT-AA-

GACTTAAG- - -AAGTTMTTCATTTTAA-TTGCTT--G- - CAAATTTTAT - TTGCAACATTTAAATCTTTTTAAGA- TTAA-GGGCCTATAGCTC
GACTTAAG- -AAGTTCTTCATTGTCACTTGCTT - -G- - CAAATTGTAT - TTGCAACATTTTAATCTTTTTAAGA- TTAA-GGGCCTATAGCTC
GACTTAAG- - -AAGTTTTTCATTGTAACTTGCTT- -G- -CAAATTGTATTTGCAA-CATTTTAATCTTTTTAAGA- TTAA-GGGCCTATAGCTC

tRNAME
AGTTGGTTAGAGCACACGCCT] \GCGTGAGGTCGGTGGTTCAA-GTCCATTTAGGCCCACCAG-
AGTTGGTTAGAGCACACGCCT} CGTGAGGTCGGTGGTTCAA-GTCCATTTAGGCCCACCAG-
AGTTGGTTAGAGCACACGCCT) \GCGTGAGGTCGGTGGTTCAA-GTCCATTTAGGCCCACCAG-
AGTTGGTTAGAGCACACGCCT}

AGTTGGTTAGAGCACACGCCT|
AGTTGGTTAGAGCACACGCCT[GA' GCGTGAGGTCGATGGTTCAA— GTCCATTTAGGCCCACCAACTGA- - -AAA-AA-GG-TCTTTTYC
AGTTGGTTAGAGCACACGCCT[GATIAAGCGTGAGGTCGGTGGTTCAA-GTCCACTTAGGCCCACCAATTTTATATCA- GG- -AAAATAT -
AGTTGGTTAGAGCACACGCCT[GATAAGTGTGAGGTCGGTGGTTCAA-GTCCATTTAGGCCCACCA-TAACC- -AAA-AA
AGTTGGTTAGAGCACACGCCT[GATAAGCGTGAGGTCGGTGGTTCAA-GTCCATTTAGGCCCACCA- TAACC- -ACA-AA
AGTTGGTTAGAGCACACGCCTI CGTGAGGTCGGTGGTTCAA-GTCCATTTAGGCCCACCA-TAACC- -ACA-AA- -

- TAAGAACACAAATTCTTTGAAAATTAGGTAAATAATAGTTATTTATCCGGAAC- -
- TAAGAACACAAATTCTTTGAAAATTAGGTAAATAATAGTTATTTMTCCGGAAC
- TAAGAACACAAATTCTTTGAAAATTAGGTAAATAATAGTTATTTATCCGGAAC
- TAAGAACACAAATTCTTTGAAAATTAGGTAAATAATAGTTATTTATCCGGAAC-
CTTAA-AA-A- AAGTTCTTTGAAAAGTAGATAAACGTAACACCMAAAAACMATACWAMATTGAAGGAATTAAGGGCATACGATAAACGTMMCTTTC
CTTAA-AA-A-AAGTTCTTTGAAAAGTAGATAAACGTAACTTTAAAAATTCAAATA- - - AAAA:
CTTAA-AA-A-AAGTTCTTTGAAAAGTAGATAAACGTAACTTTAAAAATTCAAATA- - -AAAA:
CTTAA-AA-A-AAGTTCTTTGAAAAGTAGATAAACAAAGTTAAATAA- TAGAA- - -
CTTAA-AA-A-AAGTTCTTTGARAAGKARATMAACAAAGTATTTT - - - -T----TT-- -,
CTTT-GAAGA-AAGTTCTTTGAAAAGTAGATAAACATGATTTGCTTAATTCAA-TT.
CTTAA-AA-A-A-GCTCTTTGAAAAGTAGATAAACGAAGGTT -AA-
CTTAA-AA-A-A-GCTCTTTGAAAAGTAGATAAACGAAGGTT-AA- =
CTTAA-AA-A-A-GCTCTTTGAAAAGTAGATAAACGAAGGTT-AA- - - - - - - - - - -~

. Primer L1 Primer rH3
23S rRNA
-ATTAAAGGAAATAAGA-GCGCACAGT - -GGATGCCTAGGCACCAAGAGCTGAT - GAAGGAC - GC- - - AATTAACGGCGAAAC
-ATTAAAGGAAATAAGA-GCGCACAGT - -GGATGCCTAGGCACCAAGAGCTRAT -GAAGGACCGC- - - AATTAACGGCGAAAC
-ATTAAAGGAAATAAGA-GCGCACAGT - -GGATGCCTAGGCACCAAGAGCTGAT - GAAGGAC - GC- - - AATTAACGGCGAAAC
-ATTAAAGGAAATAAGA-GCGCACAGT - -GGATGCCTAGSCMCCAWGAGCTGAT -GAAGGAC-GC - - - AATTAACGGCGAAAC
ACTATTCACCTAN\AN\GNTCGCGGTTTTCAGGCGCATNNNNNNNG ATGCCTTGGCACTAAGAGCCGATCGAAGGAC-GC- - - AATTAACGGCGAAAC
———————————————— ATTGAAGGAATTAAGG - GCATAMAGT - -GGATGCCTTGGCACTAAGASM- GAT - GAAGGAC - GCAAGAATTAACGGCGAAAC
-ATTGAAGGAATTAAGG-GCATACAGT - -GGATGCCTTGGCACTAAGAGCCGAT -GAAGGAC-GC- - - AMTTAACGGCGAAAC
-ATCAAAGGAA- TAAAGGGCGTACGGT - -GGATGCCTTG
-AATCAAAGGAATCAAGGGCGTACGGT - -GGATGCCTTG
-ATTGAAGAAAGT - AAGGGCGTCAAGT - -GAATGCCTTGGCACTAAGAGCCGAT - GAAGGAC- GC- - - AATTAACGGCGAAAC
-ATCAAAGGAACTGAAGGGCGCACAGT - -GGATGCCTTGGCACTAAGAGCCGAT - GAAGGAC-GC- - - AATTAACGGCGAAAC
-ATCAAAGGAACT - AAGGGCGCACAGT - -GGATGCCTTGGCACTAAGAGCCGAT - GAAG-NC - GC - - - AATTAACGGCGAAAC
-ATCAAAGGAACT - AAGGGCGCACAGT - -GGATGCCTTG

= - Y E B 16S-23S spacer &I, ZHEY] o
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Fig. 3. Phytoplasma 16S-23S spacer sequence alignment. Coding regions are indicated with heavy lines. Primer sequences used
to amplify spacers are shaded, and these sequences do not necessarily represent original sequences of phytoplasmas. Sequences
in the tRNA™ that correspond to anticodons are shown in the box. The highly conserved sequences implicated in rRNA

processing are indicated with single lines above. Gaps are represented by

The ambiguous bases are abbreviated as

recommended by the International Union of Biochemistry: R, Aor G; Y,CorT; M, AorC; K,GorT; S,Gor C; W, AorT; H,
AorCorT;B,CorGorT; V,Aor CorG; D, A orGorT;N, A orCorGor T. Sequence of SAY, from Kuske and Kirkpatrick, 1992.
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Fig. 5. Phylogenetic relationships of 11 phytoplasmas inferred by 16S-23S spacer sequence. The tree depicted represents the
strict consensus tree of 3 equiparsimonious trees by use of a heuristic search in PAUP. Tree length = 610; consistency index =
0.854; retention index = 0.845. The numbers indicated on the right stand for the group numbers.
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ABSTRACT

Hsyu, S. M. ' and Lin, C. P.* 2002. Phylogenetic relationships of phytoplasmas on the basis of sequences
of 16S-23S rDNA spacers. Plant Pathol. Bull. 11:199-206. (" Department of Plant Pathology, National
Taiwan University, Taipei, Taiwan, R.O.C.; 2 Corresponding author, E-mail: cplin@ccms.ntu.edu.tw, Fax:
+886-2-23661980)

The phylogenetic relationships and classification of 10 phytoplasmas were established by analysis of
16S-23S rDNA spacers, the regions with variation in prokaryotic rrn operon. The spacer regions were
amplified by polymerase chain reaction using two primer pairs, G1'/L1 and fH3/rH3. One spacer fragment
was amplified for each phytoplasma, except loofah witches' broom (LWB) phytoplasma. There were three
amplified spacer fragments for LWB phytoplasma. These amplified DNA were sequenced, and the results
showed that the phytoplasma 16S-23S spacer region contains a single tRNA™; however, there is no tRNA in
two spacers of LWB phytoplasma, LWB-1 and LWB-3. In multiple alignment of phytoplasma spacers, only
tRNA"™ and two short segments, which may be involved in rRNA processing, appeared to be conserved.
Based on phylogenetic analysis of sequences from these 10 phytoplasmas using PAUP (phylogenetic
analysis using parsimony) software, these phytoplasmas could be classified into five groups. These
phytoplasmas groups and strains were: group 1, sweetpotato witches' broom, mainland China strain of
sweetpotato witches' broom, peanut witches' broom and Ipomoea obscura witches' broom; group 2, loofah
witches' broom; group 3, elm yellows; group 4, rice yellow dwarf and sugarcane white leaf disease; group 5,
New Jersey strain of aster yellows and western strain of aster yellows.

Key words: phylogenetic relationships, phytoplasma.



